The recent VIEW studies have demonstrated the non-inferiority of monthly and bi-monthly aflibercept in the management of wet age related macular degeneration (AMD) compared with ranibizumab. However, the current data are limited mainly to fixed dosing regimens with few studies looking at flexible dosing regimens of aflibercept in wet AMD. In addition, recent data from the VIEW 96 week extension has shown that patients being shifted from fixed dosing regimens to PRN have shown a drop in visual acuity and increase in central macular thickness. This is an indication that fixed dosing, a nonsustainable option, is only effective as long as it is continued. Regimens such as treat and extend (TAE) and pro-re nata (PRN) have been studied extensively in ranibizumab and bevacizumab and have shown to be effective options. With the presence of effective, established and less costly drugs such as ranibizumab and bevacizumab, the role of aflibercept as a primary treatment modality has yet to be clearly defined. The current review provides an analysis of the VIEW studies, as well as the extension phases. It also looks at post hoc analysis of predictors of response and outcomes. We have also conducted a search on studies comparing between PRN regimens using aflibercept and other anti-VEGF agents. This review also explores cheaper off label aflibercept; ziv-aflibercept in the treatment of wet AMD. The main purpose of the review is to delineate the role of aflibercept as a primary therapeutic option and if there are any significant advantages that would advocate its use over alternative anti-VEGF drugs. Finally, we propose a treatment algorithm for patients being started on aflibercept during the first year and thereafter.
Introduction
AMD is the major cause of visual loss in individuals 50 years or older in developed countries, affecting nearly 10% of those 465 years of age and affects 425% of those 475 years of age. 1 Neovascular or wet AMD accounts for 10% of all patients with AMD and is known to cause severe vision loss. 2 With the discovery of vascular endothelial factor (VEGF) as a driving factor in CNV development and associated edema, anti-VEGF therapy became the primary treatment modality in the treatment of neovascular AMD. 3, 4 Two landmark RCT (ANCHOR and MARINA) studied the effects of 0.5 mg ranibizumab (Lucentis; Genentech USA Inc, San Francisco, CA, USA) in the treatment of neovascular AMD and demonstrated its efficacy in significantly improving vision in over a third of patients. 5, 6 Anti-VEGF agents such as aflibercept (EYLEA; aflibercept solution for injection, Regeneron Pharmaceuticals, Inc, Tarrytown, NY and Bayer HealthCare Pharmaceuticals, Berlin, Germany) have become the mainstay of treatment for wet AMD. 7 Aflibercept is a fusion protein, combining the key binding domains of VEGF receptors 1 and 2 and the Fc portion of immunoglobulin G. One of the main differences between aflibercept and other anti-VEGF agents (ranibizumab and bevacizumab) is the ability to bind and effectively block VEGF-B and PGF1, in addition to the various VEGF-A isoforms. PGF has been shown in several studies to affect neovascularization in animal models, therefore adding to the potential added efficacy of aflibercept compared with ranibizumab. 8, 9 The affinity of aflibercept for VEGF-A is substantially greater compared with ranibizumab (94 times) and bevacizumab (120 times). 10 Because of its greater half-life, mathematical modeling based on animal experimental studies has estimated that the VEGF binding capacity of aflibercept 79 days post injection is equivalent to ranibizumab at 30 days. 11, 12 This led to the suggestion that this could be translated to a longer duration of action of the drug, when injected intravitreally and the possible efficacy of a bimonthly dosing regimen in both Diabetic macular edema and AMD. 7, 13 However, the presence of alternate dosing regimens such as PRN and treat and extend (TAE) for ranibizumab and bevacizumab has led to a debate over the validity of a fixed dosing regimens in favor of more flexible and patient centric regimens. 14, 15 In this review, we will explore the efficacy of aflibercept as a primary treatment modality looking at the various treatment regimens and the comparative data between aflibercept and other anti-VEGF agents. The aim of the present study is to provide a clear understanding of the role of aflibercept in the management of treatment naive patients.
VIEW1/VIEW2: what we learned from the major clinical trials
The 'VEGF Trap-EYE: Investigation of Efficacy and Safety in Wet AMD' studies (VIEW 1 and 2) were prospective, double-masked, parallel group, active controlled randomized clinical trials. 7 VIEW 1 was conducted in the United States and Canada, whereas VIEW 2 was conducted in Europe, the Middle East, Asia-Pacific, and Latin America. Patients were randomized in a 1:1:1:1 ratio into four treatment groups; 0.5 mg aflibercept every 4 weeks (0.5q4), 2 mg aflibercept every 8 weeks (2q8); 2 mg aflibercept every 8 weeks after 3 loading doses (2q8) and 0.5 mg ranibizumab every 4 weeks. A total of 1217 patients were randomized in VIEW 1, and 1240 patients were randomized in VIEW 2. Approximately 90% of patients completed the 52 week follow-up. VIEW 1 and 2 were matched in demographics except that VIEW 2 had a higher percentage of Asians compared with VIEW 1 (20 vs 1%). In addition, the CNV area was larger in VIEW2 (7.82 mm 2 ) than in VIEW 1 (6.55 mm 2 ) and post hoc analysis from ANCHOR and MARINA have indicated that large lesion sizes are associated with less visual gains. 16, 17 Furthermore baseline visual acuity was higher in VIEW 1 compared with VIEW 2 (55.125 EDTRS letters vs 52.45).
The primary end point of the study was non-inferiority of intravitreal aflibercept regimens to ranibizumab in the proportion of patients maintaining vision at week 52 (ie, patients losing vision o15 letters). Secondary efficacy variables included mean change in BCVA, percentage of patients gaining415 letters, change in total national eye institute 25 item visual function questionnaires (NEI VFQ-25) score; and change in CNV area on fluorescein angiography, as well as retinal thickness and persistent fluid on OCT. The study was not intended to compare between individual aflibercept dosing regimens. Time Domain OCT was used to follow up patients. In VIEW 1 OCT was performed at baseline, week 4, 12, 24, 36, and 52, whereas in VIEW 2 it was performed at each followup visit. A 96 week extension study was planned where all treatment groups received PRN dosing of the originally assigned drug. All patients were monitored monthly (VA and OCT) and received intra-vitreal injections as needed. Patients not eligible for injections received a mandatory injection at 3 months (12 weeks) regardless their fluid status.
week results
In both VIEW 1 and 2 the proportion of patients who lost o15 letters was not statistically different between both treatment drugs indicating the non-inferiority of aflibercept compared with ranibizumab. Approximately 95% of patients maintained vision, while on anti-VEGF therapy.
The mean change in BCVA was comparable between the different aflibercept groups and ranibizumab in both VIEW 1 and 2 except for the 2q4 group (+10.9 letters) in VIEW 1, which showed a statistically significant superiority to ranibizumab (+8.1 letters). The difference between 2q4 and ranibizumab was not reproduced in VIEW 2. In addition, the proportion of patients gaining 415 EDTRS letters from baseline was similar in all treatment groups. Anatomically, there was a significant reduction in the central retinal thickness in both the ranibizumab and aflibercept treatment arms. However, because the VIEW 2 study measured OCT thickness at monthly intervals, minor fluctuations in the CRT were evident in the 2q8 group between scheduled injections. These fluctuations were more pronounced early during the study amounting to 17 microns and gradually decreased to reach 8 microns by the end of the first year. Furthermore, integrated analysis revealed that the proportion of patients achieving dryness at 52 weeks was 62% for the ranibizumab group, 72.4% for the 2q4 group, 60% for the 0.5q4 group and 67.7% for the 2q8 group. A post hoc analysis revealed that the proportion of patients having no fluid on OCT was greater in the aflibercept 2 mg groups compared with the ranibizumab groups.
One drawback of the 2q8 group was that it mandated that all patients regardless of their fluid status be switched to bimonthly therapy after the first three loading doses. A post hoc analysis was conducted to determine whether the fluid status at 12 weeks affected visual outcomes at 52 weeks of therapy. Overall, 35% of eyes had fluid present compared with 65% that had achieved dryness. 18 The percentage of eyes with fluid at 12 weeks were 41.5% in the ranibizumab group, 30% in the 2q4 and 33.5% in the 2q8 groups. The study also found that compared with ranibizumab treated eyes, eyes treated with aflibercept had a 19-28% lower chance of having fluid at 12 weeks. In addition, fluid activity at 12 weeks did not seem to affect final visual outcomes. Eyes without fluid at week 12 achieved gains of 9.8, 9.2, and 10.3 letters in the Rq4, 2q4, and 2q8 groups respectively compared with eyes that had fluid at 12 weeks that achieved gains of 8.8, 10.4, and 8.4 letters for the same treatment groups. The visual outcomes between eyes with fluid and those without fluid at 12 weeks were similar regardless of the treatment drug or regimen (P = 0.1013). Anatomically however eyes with no fluid at week 12 were more likely to have a dry macula at 52 weeks regardless of the treatment drug. In addition, eyes with fluid at 12 weeks treated with aflibercept were 1.34 times more likely to achieve a dry macula at 52 weeks compared with eyes treated with ranibizumab (41.4% for ranibizumab compared with 55.4% in the 2q4 and 2q8 groups).
The time to 'absence of fluid' or 'dryness' was compared between the different drugs and was found that 94 and 92% in the 2q4 and 2q8 groups respectively had no fluid at least on 1 visit compared with 87% in the ranibizumab group. 19 This would seem to indicate that eyes treated with monthly aflibercept were more likely to achieve dryness and were 1.5 times more likely to achieve at least one episode of dryness compared with ranibizumab. The difference between aflibercept and ranibizumab was detected, as early as week 4 indicating the difference in single dose efficacy. Approximately 50% of eyes treated with aflibercept achieved dryness after the first injection at week, while 75% of eyes at week 12 had achieved dryness on at least 1 visit. Ranibizumab treated eyes had achieved 75% dryness on at least 1 visit at week 20. This demonstrates that aflibercept treated eyes were more likely to achieve dryness and were more likely to achieve it sooner. Sustained dryness, defined by two consecutive episodes of no fluid activity, was higher in the monthly aflibercept group (85%) compared with 74% in the bimonthly aflibercept and monthly ranibizumab groups.
In the 96 week extension study patients received their previously assigned anti-VEGF in an as needed regimen (PRN) with mandatory dosing at least every 12 weeks. 20 A total of 2235 patients entered the second year (91% of 2457) of the study with~84% of patients completing the 96 week follow-up. Again, at 96 weeks both aflibercept groups were non inferior to the ranibizumab treatment group with regards to the percentage of patients maintaining vision (average of 95%). At week 96 the mean VA gains from baseline were 7.9, 7.6, 6.6, and 7.6 letters in the Rq4, 2q4, 0.5q4, and 2q8 groups respectively. This represented a drop of~1-2 letters in each treatment group. There was also a minor loss in the anatomic improvements seen at week 52 with patients gaining on average 10 microns in CRT at week 96. In addition, there was also a minor drop in the percentage of patients with no fluid on OCT in all treatment groups. Again it was observed that higher percentages of patients treated with aflibercept had no fluid on OCT compared with patients treated with ranibizumab (mean of 2q4 − Rq4 was 9%).
The mean number of injections during the 96 week extension were 4.6, 4.1, 4.6, and 4.2 in the ranibizumab, 2q4, 0.5q4, and 2q8 groups respectively. The number of injections was lower in the aflibercept groups compared with ranibizumab. In addition, higher percentages of patients treated with aflibercept received less than 6 injections compared with the ranibizumab group (15 vs 26.5%). This would seem to indicate that for the more resistant cases aflibercept is more effective, requiring less injections.
The anatomical and visual worsening was further explored in a separate post hoc analysis. 21 The post hoc analyses looked at several subgroups; patients losing 45 letters from weeks 52 to 96, patients losing 45 letters from previous BCVA score at week 96 and patients losing 45 letters or more at two consecutive visits after the switch in therapy (between weeks 52 and 64). Approximately 20% of patients regardless of the treatment group lost 5 letters or more after being shifted to PRN therapy. This subgroup had initially achieved significant gains (+8.5 to 10.3 letters) at week 52, only to loose on average 11 letters by week 96 despite receiving on average 4.5 injections. Visual acuity in this group was finally less than at baseline indicating significant visual loss. Approximately, 23% of patients showed a loss of 5 EDTRS letters or more between two consecutive monthly visits from weeks 52 to 64. After receiving anti-VEGF therapy there were some visual improvements although pre-switch visual levels we not achieved. Finally there was a group of patients who received a minimum of 3 injections (12 weekly mandated doses); 43% in the ranibizumab arm, 54% in the 2q4, 44% in the 0.5q4 and 48% in the 2q8 group. This group achieved significant visual gains by week 52, and maintained these improvements throughout the extension study. There was no tendency for visual loss or anatomic worsening in this group.
The reason for the drop in vision in a certain subgroup of the population (20-25%) was demonstrated by Schmidt-Erfuth et al 22 in another post hoc analysis of the VIEW2 cohort. The study looked at various OCT parameters at monthly intervals including intraretinal cysts (IRC), subretinal fluid (SRF) and pigment epithelial detachment (PED), presenting with a width 4400 or a height 4200 microns. The study concluded that IRC at baseline that failed to resolve by week 12 had a negative impact on BCVA consistently showing less visual gains regardless of the treatment regimen (monthly, bimonthly, or during the PRN extension). Although 75% of eyes had resolution of IRC and SRF, PED was more resistant and showed only a 38% resolution at 52 weeks. The study also demonstrated that patients that were switched to PRN and lost vision (~20%) usually presented with PED at baseline and had a tendency for PED re-activation and intra-retinal cyst formation. The authors also attributed the inferiority of PRN regimens in previous RCT to this specific cohort. They furthermore advocated continuous fixed dosing for these patients or tight monitoring during PRN therapy. A summary of the major differences between monthly/bimonthly aflibercept and ranibizumab is shown in Table 1 .
Fate of eyes with fluid at 12 weeks
Overall 22.8% of eyes (413) had persistent fluid activity from baseline to week 12 despite therapy (early persistent fluid). It was lowest in the aflibercept groups (19%) compared with 30% in the ranibizumab group (a 34% lower chance of having fluid for aflibercept treated eyes). The mean change in VA from week 16 to week 52 in patients with residual fluid demonstrated that gains were higher for patients treated with monthly aflibercept (+11.7 letters from baseline) compared with monthly ranibizumab (+8.5 letters from baseline) and to bimonthly aflibercept (+7.5 letters from baseline). Pairwise treatment group comparisons showed that the monthly aflibercept group achieved significantly higher gains compared with monthly ranibizumab (P = 0.049) and bimonthly aflibercept (P = 0.006). However, there was no significant differences between monthly aflibercept and bimonthly aflibercept (P = 0.294).
There was no difference between the groups with regards to the number of patients gaining 415 letters. However, there was a lower percentage of eyes that lost 415 letters in the 2q4 group (6.5%) compared with the 2q8 and ranibizumab groups (16%). A subgroup analysis was performed for different fluid subtypes; intraretinal cysts (IRC) and subretinal fluid (SRF). Patients with early persistent intraretinal cysts at 12 weeks gained on average 6.4-7.3 letters in the 2q8 and ranibizumab groups compared with 11.8 letters in the 2q4 group. Again with regards to eyes gaining 415 letters, patients with early persistent IRC had similar percentages of eyes irrespective of the treatment arm (29.4-31%). There was a difference however in patients that lost 45 letters, with 4.8% losing vision in the monthly aflibercept group, compared with 16% in the monthly ranibizumab group and 22% in the bimonthly aflibercept group. Similar results were seen in eyes with early persistent subretinal fluid (SRF) where eyes that received monthly aflibercept had a higher percentage eyes gaining 415 letters and fewer eyes losing 45 letters compared with the 2q8 and monthly ranibizumab groups. This is an indication that eyes with early persistent fluid at 12 weeks should preferably be treated with monthly aflibercept regardless of the type of intraretinal fluid because of the greater visual gains and less visual loss in these patients compared with patients being treated with monthly ranibizumab and bimonthly aflibercept. In patients with absent fluid at week 12, perhaps flexible dosing regimens such as TAE and PRN could be advocated but they have not been compared directly in a RCT to monthly aflibercept.
Beyond the first year
Data from the VIEW1/VIEW2 96 week extension have demonstrated that switching from a fixed dosing regimen to a flexible dosing regimen was associated with a 1-2 letter drop. 20 However, not all groups were similar with approximately half of the patients requiring only the minimum mandatory three injections which is akin to a single injection every 12 weeks. 21 In addition, there was another subgroup of patients that demonstrated a significant decrease in VA (11 or more letters) and saw them return to baseline visual acuity levels. What is more dramatic was that the drop in VA could be demonstrated as early as the first visit post-switching to flexible dosing. This offers a dilemma to patients being treated with monthly or bimonthly aflibercept with the possibility of patients losing vision if switched to PRN and the non sustainability of a fixed dosing regimen.
An expert panel recently published recommendations as to the best post year 1 strategy for patients being treated with bimonthly aflibercept. 23 The group highlighted three different strategies post year 1; continued fixed 8 weekly dosing, individualized treat and extend and finally a trial of monitoring without treatment and with extended follow up intervals. The panel recommended fixed bimonthly dosing for patients with active disease but stable visual acuity at the end of year 1. The panel recommended treat and extend for eyes with inactive disease and stable visual acuity. A final strategy would be to monitor eyes without treatment and would be strictly reserved for eyes that have demonstrated during year 1 or year 2, no signs of activity and stable visual acuity for three consecutive visits. This was based on the observation that approximately half of eyes in the VIEW extensions received the minimum three injections.
Other studies looking at primary aflibercept Implementing the VIEW1/VIEW2 protocol in the real world (bimonthly regimens)
A retrospective study conducted in the UK looked at EMR records of patients being treated using a bimonthly dosing regimen of aflibercept from 16 National Health Service hospitals (Table 2) . 24 Approximately 1840 treatment naive eyes of 1682 patients were treated with three loading doses followed by bi-monthly aflibercept and were followed up for at least a year.
Mean baseline for the patients was 53.7 EDTRS letters and improved to 58.8 letters, indicating a gain of +5.1 letters. Data were missing for~28% of eyes at 1 year. The study found that the largest visual gains were in eyes that started off with worse visual acuity. Eyes with a baseline VA o35 letters gained 11 letters, whereas those with a baseline VA 70 letters or more showed a drop of 2 letters.
In addition, 32% of patients gained 10 letters and 18% gained 15 letters compared with 8% who lost 415 letters at 1 year of follow-up. The mean number injections was 7 at the end of 52 weeks. The authors concluded that the results of this real world study were comparable to the RCT VIEW1/VIEW2 and that the bimonthly dosing regimen could be a potential option to reduce treatment burdens and follows up for AMD patients.
Four other studies looked at bimonthly dosing in a total of 140 patients and evaluated the efficacy of bimonthly dosing for a period of~1 year. [25] [26] [27] [28] The studies showed that patients on average gained+9 EDTRS letters in all studies combined which was equivalent to the results of the larger RCT. Futhermore, the studies looked at a range of different CNV pathologies including PCV, PED and RAP and showed the efficacy of the drug in all subtypes.
PRN regimens with aflibercept
Two studies looked at the efficacy of aflibercept in a PRN dosing regimen. The study by Kim et al looked at 21 eyes The VIEW studies are Waldstein et al, 34 Jaffe et al, 19 Heier et al, 7 Schmidt-Erfurth et al, 20 Moshfeghi DM et al. 18 Aflibercept in age-related macular degeneration M Ashraf and AAR Souka 
TAE regimens with aflibercept
The largest study looking at real world data for treat and extend regimens in treatment naive patients using aflibercept was a recent study by Barthelmes et al. 31 The study was a retrospective study that included 136 eyes of 123 patients who completed 24 months of follow up (completers). At the end of follow up completers gained a mean of +6 EDTRS letters (Po0.001). Approximately 98% of eyes starting with a visual acuity of470 letters (6/12) maintained it 24 months after treatment was started. The median time to CNV inactivity was 71 days with a median of three injections of aflibercept. The mean number of injections was 7.8 in the first year and 5.7 in the second year. During the second year of follow up, 38% of patients achieved a treatment interval of 9 weeks or more. A single study looked at the efficacy of aflibercept in a treat and extend dosing regimen (TAE) in patients with retinal angiomatous proliferation (RAP). 32 The study looked at 17 eyes with RAP and found that after 12 months of follow up there was an improvement in VA from 0.57 logMAR to 0.32 logMAR. Also, the retinal thickness decreased from 340 microns before treatment and decreased to 233 months at the end of follow up (Po0.001). It was also noted that the area of RPE atrophy significantly increased by the end of the study and correlated with increased number of injections (rs = 0.58, P = 0.01). n/a 38% achieved a treatment interval of 9 weeks or more.
Mean number of injections in the completers group was 13.6.
Abbreviations: AMD, age related macular degeneration; BCVA, best corrected visual acuity; CMT, central macular thickness; CNV, choroidal neovascularization; PCV, polypoidal choroidal vasculopathy; PED, pigment epithelial detachment; PRN, pro-re nata; RAP, retinal angiomatous proliferation.
Aflibercept in age-related macular degeneration M Ashraf and AAR Souka
With regards to polypoidal choroidal vasculopathy, a single study looked at the at the efficacy of aflibercept in treatment naive patients with polypoidal choroidal vasculopathy (PCV). 33 The study included 37 eyes and at one year the mean visual acuity improved form a baseline of 0.37 logMAR to 0.21 logMAR (Po0.001). The mean treatment interval was 9.7 weeks with 60% of patients reaching extensions of 12 weeks or more.
Aflibercept vs ranibizumab
The VIEW1/VIEW2 study demonstrated that monthly and bimonthly 2.0 mg aflibercept achieved similar visual gains as monthly 0.5 ranibizumab (Table 3 ). In a prespecified integrated analysis, aflibercept was within 0.5 letters of the reference for mean change in BCVA. However, there were differences with regards to anatomy. The results of VIEW1/VIEW2 post hoc analysis demonstrated that both the 2q4 and the 2q8 groups had a significantly higher percentage of eyes with no fluid on OCT (72.4% and 67.7%, respectively) compared with the ranibizumab group (62%) at week 52. At week 52, IRC resolved in 57%, 50%, and 52% of patients being treated with monthly aflibercept, bimonthly aflibercept and monthly ranibizumab, respectively. 34 Subretinal fluid resolved in 75% of eyes treated with aflibercept compared with 66% of eyes treated with ranibizumab. Also PED resolved in 40% of eyes treated with monthly aflibercept, 34% of eyes treated bimonthly and 28% in eyes treated with ranibizumab. The post hoc analysis concluded that monthly aflibercept has a significantly stronger effect on fluid resolution in subretinal compartments such as subretinal fluid or PED. Bimonthly aflibercept seemed equivalent to monthly ranibizumab. As previously discussed, eyes with early persistent fluid achieve higher visual gains as well as anatomic dryness more frequently with monthly aflibercept compared with monthly ranibizumab or bimonthly aflibercept. 19 In addition, these same eyes lose less vision when treated with monthly aflibercept indicating its added efficacy especially in eyes that fail to achieve dryness as 12 weeks.
There have been several studies that have compared between aflibercept and ranibizumab PRN dosing regimens, as illustrated in Table 2 . However, none of these studies found a difference between both drugs with regards to visual outcomes. A study by Dirani et al looked exclusively at a cohort of patients with PED and after 3 loading doses of ranibizumab or aflibercept, the height of the PED decreased by 120 microns in both groups combined. 35 In the multivariate analysis it was found that the use of aflibercept was associated with significantly more reduction in PED height (P = 0.022). A comparative study by Inoue et al, compared between PRN ranibizumab and aflibercept and found that although both groups showed a significant improvement from baseline, there was no difference between the visual improvements between both drugs. 30 In addition, the mean time to retreatment was 5 months in both groups. Similar number of patients required retreatment in both groups (67.7 in the ranibizumab group vs 63.4% in the aflibercept group). In a Bayesian network meta-analysis, Szabo et al looked at five trials and found that over 12 months the approved posologies of aflibercept and ranibizumab resulted in similar changes in visual acuity from baseline. 36 Finally, a study by Yun et al found that although visual outcomes were similar between aflibercept and ranibizumab, aflibercept was associated with a significantly greater reduction in subfoveal choroidal thickness. 37 It is still unclear how the effect on choroidal thickness affects long term outcomes but at least with regards to recurrences it would seem that both drugs are similar. 30 
Prognostic indicators of using aflibercept
A post hoc analysis was conducted on 1815 patients enrolled in VIEW1/VIEW2 to look at morphological features that were associated with good visual outcomes. 34 The analysis included the ranibizumab Q4 group as well as the 2q4 and 2q8 aflibercept group whilst excluding the 0.5 mg group. The study looked at IRC, SRF as well as PED that was judged as present if it measured more than 400 microns in width and 75 microns in height or if the PED was only more than 200 microns in height.
With regards to prognostic indicators the multivariate model revealed that the presence of IRC and PED at baseline was associated with a 2.77 and 1.88 letters less BCVA change from baseline at week 52. However, the presence of SRF was associated with 2.11 letters more BCVA change from baseline at week 52. In addition, higher baseline VA was associated with less visual gain regardless of the fluid morphology. IRC at baseline that had resolved at 3 months rarely recurred during the 1st year of treatment. 22 However those with residual fluid at 12 weeks had more recurrences with at least 50% of patients demonstrating 5 or more recurrences indicating a more aggressive disease course. The study also demonstrated that visual losses in patients who were switched from fixed dosing regimens to PRN was mainly driven by eyes with primary PED. The switched to PRN group was associated with reactivation of the PED and development of secondary IRC with subsequent drop in visual acuity. The authors attributed the poor results of PRN dosing compared with monthly was mainly attributed to this subgroup.
Another study by Oishi et al, conducted on 98 patients showed that the presence of ELM and the presence of polypoidal lesions were associated with better visual outcomes. (R 2 = 0.53, Po0.0001). 27 A study by Cho et al, looking at the response of patients with PED to anti-VEGF therapy found that patients with lower PED height, PCV (P = 0.15), RAP compared with typical AMD (0.01), serous PED vs fibrovascular PED (P = 0.022) and aflibercept compared with ranibizumab (P = 0.039) had a higher possibility of PED resolution. 38 Also, a study conducted on 47 eyes by Kikushima et al, showed that patients with thicker choroids (P = 0.004) and worse baseline visual acuity (P = 0.018) achieved more visual gains. 39 Ziv-Aflibercept (off-label aflibercept)
An identical fusion protein to aflibercept is ziv-aflibercept (Zaltrap, Sanofi-Aventis US, LLC, Bridgewater, New Jersey, USA and Regeneron Pharmaceuticals, Inc, Tarrytown, New York, USA) that was approved by the FDA in August 2012 for the treatment of metastatic colorectal carcinoma. Both aflibercept and ziv-aflibercept are structurally identical however ziv-aflibercept has been formulated with buffers that result in a much higher osmolality. Recent case series have shown that zivaflibercept can be safely used as an intra-vitreal drug, complementing previous animal and in vitro studies. [40] [41] [42] [43] [44] The higher cost of aflibercept means that many patients are unable to afford the more expensive drug and zivaflibercept may be a reasonable economic choice for patients as an alternative to bevacizumab. One of the main differences, between aflibercept and ziv-aflibercept is the difference in osmolarity with aflibercept being an iso-osmotic solution (300 mOsm/kg), whereas the buffers in ziv-aflibercept make it far more concentrated (1000 mOsm/kg).
Initial data from Marmor et al, 45 showed that in rabbits and primates solutions less that 500 mOsm caused no retinal pigment epithelium damage whereas tonicitiy between 500 and 1000 mOsm produced partial damage and those above 2000 mOsm produced severe damage. This initially led to some reservations about using the more hypertonic concentration of ziv-aflibercept. Another cause for concern was a study by Malik et al 43 that showed that at clinical doses ziv-aflibercept showed mild mitochondrial toxicity whereas ranibizumab and aflibercept did not. However, the study also showed that bevacizumab, a drug that is widely used intravitreally, showed similar mitochondrial toxicity bringing into question its in-vivo applicability. Furthermore a study looking into the injection of ziv-aflibercept in rabbit eyes has shown that it was equally as safe as aflibercept with no signs of anatomic toxicity after 7 days. In addition, there are no statistically significant differences between both drugs in recorded by ERG 24 h or one week after the procedure. Even more interesting, there were no statistical differences in aqueous pH and osmolality at baseline and in follow-up indicating that ziv-aflibercept had no major impact on eye osmolality. Mansour et al, 44 proposed that this might be due to the diluting effect of injecting a 0.05 ml dose into 4 ml of vitreous. The largest cohort of patients with AMD treated with ziv-aflibercept was by Mansour et al 30 eyes were treated and the 3 month evaluation showed an improvement of baseline VA from 1.08 logMAR to 0.71 logMAR (Po0.001). 46 In addition, central macular thickness decreased form 332.9 microns to 208.2 microns at 3 months. There were no signs of any intraocular inflammation or complications. Of note the dose used in the study was 0.05 ml which contains approximately 1.25 mg of the active molecule compared with the usual dose of 2.0 mg/0.05 ml. Therefore, it is still unclear if the efficacy of ziv-aflibercept is equivalent to aflibercept and if it can be effectively incorporated into dosing regimens such as bimonthly or TAE.
Algorithm for fixed treatment regimen in aflibercept
Patients should be treated with three loading doses of aflibercept and re-evaluated at 3 months. Patients with residual fluid at three months (regardless type of fluid) should be treated with monthly aflibercept until they achieve dryness. If at 12 months no dryness has been achieved, switching may be attempted, however there is insufficient data about switching from aflibercept to other anti-VEGF drugs. Patients with no fluid at 3 months could be treated bimonthly or using a treat and extend protocol. After 1 year, we recommend fixed bimonthly dosing for patients with active disease but stable visual acuity at the end of year 1 and TAE for eyes with inactive disease and stable visual acuity.
Conclusion
Aflibercept is an effective drug in the treatment of wet AMD. The efficacy of monthly and bimonthly dosing regimens of aflibercept are comparable to monthly ranibizumab. There is data preliminary showing that PRN dosing of both aflibercept and ranibizumab yields similar results. There is insufficient data about aflibercept in a treat and extend regimen. Monthly aflibercept appears to be anatomically superior to ranibizumab especially in patients with residual fluid at 12 weeks and particularly those with residual subretinal fluid. PRN dosing results in a drop in visual acuity after the first year of fixed dosing so it is recommended that either patients be maintained on fixed dosing or a treat and extend regimen. Ziv-aflibercept appears to be new option in the treatment of wet AMD, however more data are needed with regards to long term safety and efficacy.
